ABSTRACT
The species Austropotamobius torrentium and Astacus astacus are two species known in the EU directives to require deeper understanding of their autecologic requirements before any sustainable conservation effort could be successfully applied. Therefore, the paper aims to analyze the occurrence of these two species of crayfish in the Anina Mountains (Romania) in relation to several physical-chemical indicators measured on site. The results suggest that the anthropogenic impacts registered in some of the sampling sites (e.g. organic pollution and river bed modification) might have triggered the disappearance of both species from the areas of the water sheds situated downstream villages and towns, deforestation sites and sewage treatment plants. The analysis suggest that both species might have similar ecologic requirements, with a BMWP score of 8 (out of a possible 10), therefore good indicators of pristine aquatic environments and with a possible toleration to pollution but only up to a moderate level. Nevertheless, the lack of cohabitation of the populations of both species at a local scale was discussed along with two possible explaining hypotheses: behavioral exclusion or different times and/or modalities of dispersal history. RÉSUMÉ L'évaluation de l'habitat et des exigences de qualité de l'eau de l'écrevisse des torrents (Austropotamobius torrentium) et de l'écrevisse à pieds rouges (Astacus astacus) dans les rivières des montagnes d'Anina (sud-ouest de la Roumanie)
Mots-clés :
Astacus astacus, Austropotamobius torrentium et Astacus astacus sont deux espèces de l'UE reconnues comme nécessitant une meilleure compréhension de leurs besoins autécologiques avant qu'aucun effort de conservation durable puisse être appliqué avec succès. Par conséquent, l'article vise à analyser la présence de ces
INTRODUCTION
Various species of macroinvertebrates are used as bioindicators in the assessments of water quality, providing in this way useful tools for the management or the preservation of freshwater habitats (Rosemberg and Resh, 1993; Wright et al., 2000; Badea et al., 2010) . In the calculation of the BMWP index, a value of 8 (out of a possible 10) has been attributed to Astacidae. Therefore, the presence of this family is usually indicating a "good" up to a "very good" water quality (Chapman et al., 1996) . A few studies up to date have been conducted on crayfish, most of them on the conspecific Austropotamobius pallipes (Lereboullet, 1858) , and proved that its presence was closely related to a good water quality (Broquet et al., 2002) ; however, they were unable to explain the absence/presence of this species based solely on the water physical-chemical characteristics (Demers and Reynolds, 2002) . Another study revealed that most of the time, two species of crayfish do not cohabit in the same river stretch and that the actual factors that could delimit their distribution can be assessed throughout the type of substratum rather than the water quality (Lachat and Laurent, 1987) . The factors that delimit the geographical distribution of crayfish species can be explained by the synergic combination of several ecologic parameters (Payne, 1986) . The crayfish taxa are vulnerable to various threats like their overexploitation, habitat modifications, water pollution, increasing pressure from other invasive crayfish species, or the crayfish plague (Lowery and Hogger, 1986; Gherardi and Holdich, 1999; Füreder et al., 2003; Lyons and Kelly-Quinn, 2003; Holdich and Pöckl, 2005) . Austropotamobius torrentium (Schrank, 1803) has a IUCN "data deficient" status and is considered as a "priority species" by the Habitats Directive (European Communities, 1992) . Astacus astacus (Linnaeus, 1758) has a "vulnerable" IUCN status (Edsman et al., 2010) . Austropotamobius torrentium was declared as being a good indicator of water quality (Streissl and Hödl, 2002) due to its high intolerance for water pollutants (Machino and Füreder, 2005) . Moreover, it has been proved that the anthropogenic impacts, e.g. changes of the river bed morphology, could have a considerable negative impact on these species that may even lead to the extinction of the affected populations (Lowery and Hogger, 1986) . There are three indigenous crayfish species living in Romania: the stone crayfish A. torrentium, the noble crayfish A. astacus and the narrow-clawed crayfish Astacus leptodactylus Eschscholtz, 1823 (Bȃcescu, 1967; Holdich, 2002; Pârvulescu, 2010) . The issues related to the distribution of these crayfish species in relationship to water quality have never been approached in Romania so far. Therefore, in accordance to the requirements of the Water Framework Directive and conservative issues underlined by IUCN (see above), this study will try to infer qualitative and quantitative information about the autecology of these two species of crayfish, their correlation with the water quality and their interspecific relations. The heterogeneity of the habitats found in the Anina Mountains offers the natural background for testing such hypotheses, although characteristic for a local area, since this survey accounted for only one type of geology: the limestone rivers (Bleahu and Rusu, 1965) .
MATERIALS AND METHODS
The Anina Mountains, where this survey was conducted, are localized in the south-west of Romania ( Figure 1 ) and are drained by the three distinct catchments of the rivers Bârzava, Caraş and Nera. Two crayfish species live in this area: the noble crayfish (A. astacus) and the stone crayfish (A. torrentium) (Pârvulescu, 2009) . The investigated zone is a mountain dominated area situated in the SW of Carpathians Mountains, with a predominant calcareous geology and a maximum altitude of 1160 m a.s.l. (Bleahu and Rusu, 1965) . The sampled area comprised two national parks: the Semenic -Cheile Caraşului National Park and the Cheile Nerei -Beuşniţa National Park. The investigated rivers are draining this limestone deposit: the rivers of Caraş and Nera are tributaries of the Danube River, whilst the waters of the Bârzava River reach the Danube only after the confluence with the River Timiş, being therefore a secondary tributary (Figure 1 ). This latter region is considered as being moderately impacted by industrialization (Ujvari, 1972) . The sampling campaigns were carried out during two consecutive years (2008 and 2009) in 52 stations, located towards the headwaters of the Bârzava, Caraş and Nera catchments in Anina Mountains. The sampling period took place during the summer months, since during this time of the year the hydrologic unit is characterized by a constant base flow (Ujvari, 1972) , discarding therefore the undesirable biases of floods. The individuals were collected directly by hand from the riverbed, through checking the galleries within banks and the spaces between rocks and the roots of macrophytes over a distance of 300 m river stretch/each sampling site. Where individuals have not been found by this method, the active search continued over a distance of 500 m river stretch, additionally by installing 10 traps on the river bed separated by a 10 m distance, using fresh liver as bait. If finally, all these efforts proved to be useless with respect to the capture success, the site was declared as being "absent" (containing no crayfish). The physical-chemical parameters were measured in triplicate in each of the 52 sampling stations and they comprised: temperature, pH, dissolved oxygen, chemical oxygen demand (by CCO-Cr method, based on the oxidation of organic substances from the water with sulphuric acid mixed with potassium dichromate), water hardness (given by sum of the dissolved calcium and magnesium ions), sum of tannins and lignin (refractory organic matter -ROM), detergents, cyanides, dissolved inorganic nitrogen species (as N-ammonium, N-nitrites and N-nitrates, expressed as mg N-X·L −1 ) and soluble reactive phosphorus (SRP, measured as mg P-PO 4 ·L −1 ). These indicators were recorded by in-situ measurements with HACH-Lange multiparameter and spectrophotometer field equipments following the standard procedure for each element. Morphological parameters of the river, like the width, depth and the degree of cover by the canopy (expressed in percentages) were registered as well. The mean abundance of crayfish, disregarding the appurtenance to any sex or size class, was estimated by the CPUE method (Demers and Reynolds, 2006) and expressed as mean number of individuals·100 m −1 river stretch.
The abundance of the crayfish species were firstly normalized by log(x + 1) and simply logged for the physical-chemical parameters. After meeting the criteria for normality (KolmogorovSmirnof test, p > 0.05), an independent t test was employed in order to compare the differences in the physical-chemical parameters among the sites were both species were considered as being present or absent. A principal component analysis (PCA) was undertaken for the habitat parameters for both species, for a better illustration of their variation over the sampling sites. The eigenvalues and the percentage explained by the first both axis were estimated. In order to reveal the relationships between the abundance of every species of crayfish and the abiotic factors, Pearson correlation coefficients were used. By utilizing the step wise linear regression method, a regression equation was calculated for both species, in order to explain the potential synergic effect of different physical-chemical factors over their abundance. The data were analyzed in SPSS 17 and CANOCO 4.5 for Windows. 
RESULTS
In the three investigated catchments from the Anina Mountains, the species A. torrentium was found mainly in the rivers of Nera and Bârzava, although it has been discovered scattered in two other locations on the Caraş catchment ( Figure 1 ). The species A. astacus was present as well in the Caraş watershed, along with its discovery in a few lakes from the Bârzava catchment (similar density with the other species), but never found in the Nera catchment (see Figure 2 and Table I ).
A two way ANOVA test applied for log(x + 1) abundances revealed no significant differences for each species density amid catchments, years of sampling or the interaction between them (for A. torrentium; rivers-F = 2.5, p = 0.09; years-F = 0.01, p = 0.92, rivers*years interaction F = 0.6, p = 0.55, and for A. astacus; rivers-F = 3.14, p = 0.08, years-F = 0.14, p = 0.7, rivers*years interaction-F = 0.22, p = 0.64). Tables II and III present the values of the means and standard error of the means of the physical-chemical parameters measured for every species of crayfish, split on the locations registered as "present" or "absent".
03p5 The first and the second axis of the PCA ordination of physical-chemical parameters for A. torrentium over the presence/absence sites (Figure 3 ) explained 50.42% of their variance (the first axis explaining 28.42%). The eigenvalues of the first axis were 5.4 and respectively 4.1, eligible for being taken into consideration based on the "broken stick" model (Shaw, 2003) . The sites where this species of crayfish has been found are more clustered towards the origin, with a certain degree of overlapping with the sites where the crayfish was absent, although a scatter between the two type of sites are plotted along the main axis. The main gradients are represented along the first axis and can be interpreted in the way that the sites where the species have been found are situated at higher altitudes, with narrower tributaries, less shadowed and highly oxygenated. At the other extreme lie the physical-chemical parameters that are reversely related to the altitude, like the water conductivity, calcium, magnesium, N-species, phosphorous, detergents, oxygen deficit, all good indicators of organic pollution. An increase in width and depth of the rivers is noticed as well along the same axis. The first and the second axis of the PCA ordination of physical-chemical parameters over present/absent sites for A. astacus (Figure 4 ) was very similar in pattern with the one noticed for A. torrentium, although with a smaller degree of sites clustering. Nevertheless, the first and the second axis explained 49.97% from the variation (the first axis explaining 22.27%), with eigenvalues of 4.23, respectively of 3.93, again eligible for being considered in the analysis, in accordance to the same "broken stick" model. The Pearson coefficients revealed moderately significant positive correlations among the log(x + 1) abundance of A. torrentium with parameters like: the conductivity (r = 0.263, p < 0.05), water hardness and calcium (r = 0.312, p < 0.05 and r = 0.37, p < 0.01), the dissolved oxygen (r = 0.335, p < 0.05), and significantly negative with chemical species like the deficit of oxygen (r = −314, p < 0.01), N-nitrates (r = −0.526, p < 0.01), N-nitrites (r = −0.438, p < 0.01), and the river width (r = −0.31, p < 0.05). The same type of analysis outlined similar patterns for the species A. astacus, that correlated positively with the dissolved oxygen (r = 0.261, p < 0.05), pH (r = 0.3, p < 0.05), ROM (r = 0.38, p < 0.05), calcium (r = 0.275, p < 0.05) and negatively with the detergents (r = −0.27, p < 0.05), oxygen deficit (r = −0.33, p < 0.05) and N-nitrates (r = −0.36, p < 0.01). The linear regression equations relating the abundance of both species, by using the step wise model was expressed by the following mathematical equations: Log abundance A. torrentium = 0.1 + 1.65 × log Ca − 2.85 × log oxygen deficit (R 2 = 0.23, p < 0.05); Log abundance A. astacus = 1.06 + 0.95 × log Ca − 2.33 × log oxygen deficit (R 2 = 0.16, p < 0.05).
DISCUSSION
The dynamic of both species of crayfish did not fluctuate significantly during the study period (2008) (2009) , with the highest mean density for both species being registered in the Caraş catchment. The two way ANOVA test revealed no significant differences in the species density between years and catchments for both species, revealing stable populations, at least for the sampled period. The stone crayfish was almost twice more abundant than the noble crayfish in the Caraş catchment and the latter was completely absent in the River Nera (Table I ). The sites where both species of crayfish were present/absent revealed certain environmental parameters as being significantly different (Tables II and III) . The general trend, as illustrated by the PCA ordination, is a decrease of the concentrations of the dissolved oxygen, ROM, pH, water hardness, calcium and magnesium, and an increase of nitrogen species, SRP, oxygen deficit, cyanides, detergents, width and depth or the rivers along an upstreamdownstream transect. Most of the sites where the crayfish were absent were situated downstream villages (e.g. Lupac, Clocotici, Socolari, Lȃpuşnic or Moceriş) or towns (e.g. Anina and Reşiţa) or downstream sewage treatment plants, eutrophic pond outflows or deforestation sites (Figure 1) .
The results strongly suggest that both species are sensitive to water organic pollution, as revealed by the significant negative correlations of the stone crayfish to the deficit of dissolved oxygen, nitrates, nitrites or the increased width of the river. Previous studies have found this species as being restricted to small alpine brooks in Germany (Renz and Breithaupt, 2000) , although reaching "unusual" habitats, like in lake Constance, with a saprobial index of 2, indicating therefore a moderately polluted habitat. The positive correlations with calcium and water hardness are anyway typical not only for Malacostraca, but noticed in general for all the crustaceans and the mollusks (Leiden and Botoşȃneanu, 1998) . The average concentrations found for this species in this study are consistent with other concentrations, between 50-100 mg Ca·L −1 , as has been reported for this species in the south of Germany by Reinz and Breithaupt (2000) or by Bohl (1989) in Bavaria. The negative correlation with nitrites, due their increase in the rivers as a result of point/diffuse pollution was investigated in laboratory experiments on the noble crayfish (Jensen, 1996) higher then the values registered for this survey (means 0.03 or 0.04 mg N-NO 2 ·L −1 for both species). The nitrates were revealed by Jensen (1996) as being a relatively non toxic element and were rather indicated as a byproduct of the nitrites oxidation in the haemolymph, when the organism is exposed to high concentrations of the latter chemical species. The significant correlation with the dissolved oxygen and implicitly the negative correlations with its deficit, are underlining once again the preference of both species for a pristine environment, with a possible certain degree of toleration to organic pollution, but only up to a moderate scale (indicated as well by the degree of sites overlapping in the PCA ordination plot near the origin). Prolonged periods of hypoxia (although not registered in our study, but possible during summer time when the river is characterized by a minimum base flow), as revealed by , induce an increase in the haemolymph concentration of calcium, as a possible buffer of the acid-base variations that do occur, with an additional possible threat, being the dissolution of calcium carbonate from the exoskeleton (Truchot, 1979; Wheatly and Henry, 1992) . Therefore, the short term adaptation to lower oxygen conditions (as those registered downstream the urban/rural sites) produces an increase of blood pH and calcium concentrations, resulting in an increase of the haemocyanin affinity for oxygen (Mangum, 1980) . These types of relations were revealed as well in the linear regression equation established for both species of crayfish during this survey, where the positive effect of calcium concentrations and the negative effect of oxygen deficit explained 23%, and respectively 16% of species mean densities. The significant negative correlation of stone crayfish with the river width is in accordance with other studies (Machino and Füreder, 2005; Vlach et al., 2009) , that revealed the preference of this species for small to medium sized river stretches. This was obviously underlined as well by the geographic distribution of this species in the studied area, being found in sites situated at higher altitude than for the noble crayfish (Figure 1 ). The increase in rivers width represents a direct impact of urbanization, noticed mainly in the river stretches situated downstream the aforementioned villages and towns, where both species were generally absent. The noble crayfish had therefore similar autecologic requirements to the stone crayfish. Nevertheless the smaller R 2 value for the regression equations and less significant correlations with the environmental parameters, do suggest that it could be a species more tolerant to organic pollution than the stone crayfish. The positive correlation with calcium could be as well related to its maintenance of an optimum level of water permeability (Rasmusen and Bjerregars, 1995) , a mechanism potentially involved for other freshwater crustaceans. The negative correlation with the detergents, suggest that a mean concentration of the detergents of 0.24 mg·L −1 might be harmful for this species. Another interesting finding of this survey was that only in one investigated locality from a total of 52, during two years survey, both species occurred together. Therefore, these data, and those from a much wider survey of the Romanian territory (Pârvulescu L., unpublished data) do suggest that these two species do not coexist in the same river stretch. A possible explanation for this situation might underlie from the fact that both species might have similar autecologic requirements, therefore rejecting one another. The trophic spectrum of the stone crayfish is very wide, including flatworms, leeches, freshwater crayfish, mussels, and even sticklebacks, besides the usual detritus diet (Reinz and Breithaupt, 2000) . The same type of diet might be preferred as well by the noble crayfish (Bȃcescu, 1967) . Therefore, it would be plausible to consider that due similar ecologic requirements, the populations of both species might be actually avoiding one another. An alternative explanation would be the hypothesis of a more "phylogenetic" scenario, involving the dispersal history. Trontelj et al. (2005) strongly suggested that the epicenter of dispersal for the stone crayfish was on the territory of former Yugoslavia, from where it dispersed slowly, but actively, during the Pleistocene towards the Central and Eastern Europe territories, including Romania. The genetic analysis of western and central European populations revealed the fact that as compared to other species from the same genus, A. torrentium is rather a homogenous species, sharing the characteristics of a monophyletic origin, implicating a much more recent dispersal history then expected for other groups of freshwater organisms from the former Tethys basin (Bï£¡nï£¡rescu, 1992) . The dispersal of the noble crayfish could have happened in different times, the actual distribution of these two species reflecting therefore slowly colonizing populations moving towards the headwaters of different catchments. It is known that this species has a negative interaction with the stone crayfish, and that on their turn both of them do have negative interactions with A. leptodacylus, due the more aggressive and efficient ecologic and reproductive strategies of this latter species (Stucki and Romer, 2001 ). Nevertheless, this type of hypothesis have not yet been tested on the Romanian populations, but those undertaken on the Balkans by Trontelj et al. (2005) do support this kind of scenario. To further track the colonization history or to test for alternative hypothesis of ecologic exclusions, more samples from wider areas are needed, like those suggested for the western Romania and genetic studies, in order to compare different populations from eastern Danube hydrographical basin.
"The stone crayfish (Austropotamobius torrentium), distribution in Romanian habitats, ecology and genetics of populations".
